The purpose of the study was to analyse the changes in muscle strength, power, and somatic parameters in elite volleyball players after a specific pre-season training programme aimed at improving jumping and strength performance and injury prevention. Twelve junior female volleyball players participated in an 8-week training programme. Anthropometric characteristics, isokinetic peak torque (PT) single-joint knee flexion (H) and extension (Q) at 60º/s and 180º/s, counter movement jump (CMJ), squat jump (SJ), and reactive strength index (RSI) were measured before and after intervention. Significant moderate effects were found in flexor concentric PT at 60º/s and at 180 º/s in the dominant leg (DL) (18.3±15.1%, likely; 17.8±11.2%, very likely) and in extensor concentric PT at 180º/s (7.4%±7.8%, very likely) in the DL. In the non-dominant leg (NL) significant moderate effects were found in flexor concentric PT at 60º/s and at 180º/s (13.7±11.3%, likely; 13.4±8.0%, very likely) and in extensor concentric PT at 180º/s (10.7±11.5%, very likely). Small to moderate changes were observed for H/Q CONV in the DL at 60º/s and 180º/s (15.9±14.1%; 9.6±10.4%, both likely) and in the NL at 60º/s (moderate change, 9.6±11.8%, likely), and small to moderate decreases were detected for H/Q FUNC at 180º/s, in both the DL and NL (-7.0±8.3%, likely; -9.5±10.0%, likely). Training-induced changes in jumping performance were trivial (for RSI) to small (for CMJ and SJ). The applied pre-season training programme induced a number of positive changes in physical performance and risk of injury, despite a lack of changes in body mass and composition.
INTRODUCTION
In contemporary top volleyball, a high level of strength, explosive power, speed and agility are the key components of volleyball-specific physical fitness and the key preconditions for success. Strength, particularly reactive strength and explosive power, are the components of physical fitness that are not only crucial to players in terms of game performance, but also in terms of health and injury prevention [1] [2] [3] . The association between explosive power and technicaltactical level and effectiveness of a player is especially evident during the player's activities at the net, attacking from the field and spike serving [4, 5] . In many sports, an important precondition for achieving high sports performance is optimum development of somatic parameters [6, 7] . Their importance for elite female volleyball has been described previously [8, 9] . In the context of somatic parameters, a significant performance-affecting factor is body composition. In Training-induced changes in physical performance can be achieved without body mass reduction after eight week of strength and injury prevention oriented programme in volleyball female players tion's ethics committee and conformed to the Declaration of Helsinki regarding the participation of human subjects. Written informed consent to the testing procedures and the use of the data for further research was obtained from the players involved. All tested players were fully informed about the aim of the study and the testing procedures.
Leg dominance was verified before the testing (eleven players were right dominant, one left dominant). The day before the testing, the players were not exposed to any strenuous training load.
Training programme
The pre-season period lasted 8 weeks and the newly set up training programme consisted of pre-season conditioning and injury prevention exercises. The programme was aimed at increasing maximum strength of the lower limbs, especially the knee flexors, and injury prevention, as well as volleyball-specific abilities and game performance ( Table 1 ). The training programme was divided into 3 blocks.
The main aim of the first block (3 weeks) was to build the general (non-specific) physical fitness, the main aim of the second block (2 weeks) was to develop specific physical fitness, and the main aim of the third block (3 weeks) was to use the newly acquired level of physical fitness to increase game performance. The players performed 6-10 training sessions per week, in total 64 training sessions, and participated in 19 pre-season matches (on Saturdays and Sundays).
The number of rest days was 17.
The training of non-specific fitness contained conditioning games, running, canoeing, core training, cross-fit based training and resistance training performed by the pyramid method (55%-85% 1RM). The training of "volleyball-specific" fitness was performed in the form of circuit training, which included functional strength exercises, core exercises, plyometric exercises and complex training. Additionally, during the whole pre-season period the players participated in eccentric hamstring exercises (EHE) for injury prevention, which lasted 25-30 min and consisted of the following exercises (Table 2) : -Nordic curl with the player's ankles manually secured to the floor throughout the exercise by an exercise partner [22, 23] , -Nordic curl without the player's ankles manually secured to the floor throughout the exercise, -Swiss ball hamstring curl in the supine position -from the initial position with extended legs, feet on the ball, the player slowly bends the knees while pushing the feet against the ball, -Unilateral resistance band hamstring curl (knee flexion) in the prone position with a Theraband, knee joint during changes of direction, acceleration and deceleration [12] . The strength of the knee flexors and extensors and their ratios have also been identified as an important parameter in resistance to the influence of stress factors and risk of knee and hamstring injuries [13] . Moreover, ipsilateral (e.g. knee flexors vs. extensors) or bilateral (e.g. right vs. left flexor) imbalances lead to an increased probability of hamstring and other soft tissue knee joint injuries [14] . In many studies, ipsilateral imbalances have been described by the conventional hamstring to quadriceps ratio (H/Q CONV ) [15, 16] . Co-activation of the knee flexors and extensors is known to occur and takes place through opposing contraction modes, so the functional role of the hamstrings in many sports and physical activities is to decelerate the lower limb during rapid and forceful concentric contractions of the knee extensor through a protective eccentric contraction. Therefore, it is recommended to evaluate eccentric strength as well and to additionally express imbalances using the Hecc/Qcon functional ratio (H/Q FUNC ) [17] .
As a result, examining the strength of the knee flexors and extensors and their reciprocal muscle group ratios using isokinetic dynamometry provides information on knee function, risk of injury and, more importantly, knee joint stability [18] , while testing of explosive power provides information about the limiting factor of game performance. In this context, a surprising fact is the relative paucity of studies assessing the effect of pre-season training programmes in women's volleyball [19] [20] [21] . Therefore, the aim of the present study is to analyse the changes in muscle strength, power, and somatic parameters in elite junior female volleyball players after a newly introduced pre-season training programme oriented at physical performance and injury prevention.
MATERIALS AND METHODS
The present study was conducted using an intervention study design including pre-and post-testing around an 8-week pre-season training cycle. The pre-test was performed before the first training session of pre-season, and the post-test one day after the final training of pre-season.
Participants
Twelve elite junior female volleyball players (age 16.8 ± 1.3 y; stature 179.9 ± 5.3 cm; mass 69.5 ± 8.2 kg) from a Czech sports club participated in this study. The players were free of any musculoskeletal lower-limb injuries. The study was approved by the institu- 
Procedure
The measurement of body composition was performed first, then physical tests were performed in the following order: counter movement jump free arms (CMJ), squat jump (SJ), and drop jump (DJ)
to cover different aspects of take-off power determinants, and isokinetic knee flexion and extension to measure maximum strength.
Prior to the testing procedure, the participants completed a supervised warm-up, which included cycling on a stationary bicycle ergometer for 6 minutes at 1.5 W/kg, dynamic stretching exercises targeting the main muscle groups involved during the testing, individual warm-up for two minutes and finally ten bodyweight squats and ten vertical jumps with subjectively progressive increasing jump height.
Somatic measurements
Body height was measured by the Tanita HR-001 anthropometer (Tanita, Japan) with a permissible error of measurement of 5 mm.
Body weight was measured using the InBody 230 instrument (Biospace, South Korea). Measurement accuracy for the determination of body weight was 100 g. The anthropometric measurements were made in accordance with international standards [24] . To determine the proportion of body fat (BF; kg, %), fat free mass (FFM; kg, %) and to perform a segmental analysis the authors used a non-invasive method of multifrequency tetrapolar bioelectrical impedance (BIA) using the InBody 230 instrument (Biospace, South Korea). During the BIA examination the conditions of the recommended measurement procedure were adhered to [25] .
Vertical jump tests

Counter movement jump free arms (CMJ).
To familiarise the players with the testing procedure two trials were performed. The rest period between individual trials was 30 s. The result of the test was the best performance (cm) out of three successful attempts.
Squat jump with hands on the hips (SJ)
The participants squatted down with hands placed on the hips until the knees were bent at 90 degrees (slightly higher than parallel with height [26] . To familiarise the players with the testing procedure two trials were performed followed by three measured attempts. The rest period between individual trials was 30 s. The trial with the highest jump height was used for further analysis. The reactive strength index (RSI) was calculated on the basis of the contact time on the mat and the flight time and was shown to have high testretest reliability [27] . All jump test parameters were determined using an optical measurement system (Optojump-next, Microgate, Bolzano, Italy).
Isokinetic test
The bilateral strength of the concentric action of the knee flexors and 
Statistical analysis
Descriptive statistics (mean ± SD) were calculated for all variables.
All measurements were analysed using a spreadsheet for a post-only crossover trial [29] . Raw data were log-transformed to reduce bias arising from the non-uniformity of error. Effects (differences in the changes of the means and their confidence limits) were back transformed to percentage units. To improve the precision of estimates the mean changes were adjusted to the log-transformed baseline mean.
Magnitudes of the effects were also evaluated with the log-transformed data by standardizing with the standard deviation of the baseline values. in each effect was expressed as a 90% confidence limit as well as a probability of the true effect being substantially positive (increase) or negative (decrease). These probabilities were used to make a qualitative, probabilistic, nonclinical inference about the true effect: if the probability of the effect being a substantial increase or a substantial decrease was >5% in both cases (equivalent of 90% confidence interval overlapping thresholds for a substantial increase and decrease), the effect was reported as unclear; otherwise, it was considered clear and assigned the relevant magnitude value, with the qualitative probability of the true effect being a substantial increase, 
RESULTS
The PT values of flexors and extensors of the dominant leg (DL) and non-dominant leg (NL) for the group of elite junior female volleyball players are reported in Table 3 . Significant increases in flexor PT values were found at a velocity of 60°/s and at 180°/s in concentric action both in DL and in NL, significant effects were also detected in extensors PT at 180°/s in concentric action, also in DL and in NL.
Relevant changes were also observed in the H/Q ratio, particularly in H/Q CONV ( Table 4 ). The same applies to the changes in CMJ, SJ, and RSI (Table 5) . a velocity of 60°/s. In this case the knee musculature may not be able to optimally position the knee joint during movements, which increases the stress placed on the intra-articular structures, possibly resulting in biomechanical changes and soft tissue injury [14, 37] .
Although there is no absolute consensus about a normative value, it is generally accepted that if the H/Q CONV ratio does not exceed this value, the probability of hamstring and ACL injury increases [38] .
Generally, these results suggest a higher risk of lower limb injury due to muscle imbalance in the knee joint in the observed group of volleyball players both before and after the conditioning programme.
What the authors consider more important is the absence of a training effect on the strength of the hamstrings in eccentric action and consequently the negative changes in H/Q FUNC at 180°.s [11, 41] . This fatigue-related effect has also been suggested in a previous study [42] , where the hamstring strength increased more after the rest period than during the periods with a physical fitness training programme. Moreover, the number of repetitions in the sets exceeded the previously recommended guidelines for eccentric hamstring training consisting of 3 sets of 6-12 repetitions [22, 23] . When interpreting the changes in PT and its ratios, it is also important to consider the measurement error of isokinetic single-joint maximum knee strength measurements. Although the reproducibility of the obtained measurement scores is high [43, 44] , which was also confirmed for the IsoMed 2000 dynamometer [28] , it is necessary to consider that the reliability of eccentric measure- Effects of strength and injury prevention oriented programme in volleyball female players ments is lower in comparison with concentric measurements [28] .
We also observed changes in the RSI, which is a method used to explore the ability to move from eccentric to concentric actions [45] .
The data from our study suggest that the values of the RSI decreased following the pre-season training, even though the decrease was not significant. This finding is surprising because the pre-season training programme included resistance training, plyometric training and also volleyball-specific training, which, as one would expect, should have a positive effect on reactive strength. Considering the method of RSI calculation (contact time on the mat divided by flight time) and also the high correlation between maximum strength of the leg muscles and vertical jump performance [33, 46] , this result could be to some extent explained by the finding that the quadriceps PT did not increase significantly after the pre-season training. Our finding is not consistent with the requirements of game performance in volleyball, because a high level of reactive strength is an important factor for volleyball players in many specific movements, particularly in jumping and changes of direction after landing. Also from a health perspective our finding indicates increased stress exerted on the muscle-tendon complex during the plyometric exercise in the observed group [47] . Moreover, it was suggested that a low RSI was one of eight significant predictors of ACL injury [48] .
After the pre-season the values of the jump tests did not change significantly. We only recorded a positive tendency in CMJ by 1.60 cm Regarding the duration of the pre-season and the actual load, the assessment of basic somatic characteristics in the monitored female volleyball players suggested relatively stable values. The differences were insignificant in all cases (p˃0.05), which corresponds with the results of a study by Gonzáles-Ravé et al. [19] aimed at elite Spanish female players. The values are also consistent with the data reported by other authors dealing with elite women's volleyball [6, 10] .
A positive result was found in the proportion of fat fraction, which is at the lower limit with respect to age, gender and sports specialization. The actual body composition in the monitored junior volleyball players can be regarded as optimum and thus provides suitable space for further sports development and the use of individual potential in women's volleyball. In terms of comparing body composition values, which represent a significant factor of sports performance, it is necessary to take into account the actual method applied. Some authors assess the proportion of body fat by means of caliper measurements, which might eventually decrease the overall values because the method does not directly include the proportion of visceral fat [51] .
However, this may not be the rule, as confirmed by other studies [10] .
In the present study the whole-body BIA method was used, which appears appropriate in diagnostic practice provided that the main BIA examination recommendations are observed [25] .
Limitations
It should be considered that the post-testing was performed immediately after the pre-season. The present study refers to the H/Q CONV and H/Q FUNC ratios, but muscle co-activation in the knee area also depends on the ratio of thigh muscle strength to gluteus medius strength [52, 53] , which was not calculated in the present analysis.
The test results of the pre-and post-test could also be affected by the phases of the menstrual cycle; however, in the present study this information was not obtained from the participants.
CONCLUSIONS
The results of the present study indicate that maximum strength of 
